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JU  This  quarterly  summary  report  le  the  fourth  under  Contract  *onr-397(00) 
and  corere  the  period  from  August  1,  1952  to  October  31,  1952.  The  object  of  this 
oontract  ie  as  follows i Shell  conduct  research  in  the  synthesie  of  polynltro  ccat* 
pounds  to  include,  but  not  necessarily  be  United  to,  a review  of  the  chemistry 
and  the  processes  of  preparation  of  the  acre  useful  products,  of  research  Aran  the 
nitropolyner  program  and  investigate  ,the  application  of  processes  not  now  employed 
in  the  preparation. 

B.  The  more  Important  results  and  conclusions  of  the  work  reported  are  pre- 
sented below! 

1.  The  high  pressure  nitrations  of  cyclohexanone  with  30£  nitric  aoid 
gives  adipic  acid  only.  The  yields  run  up  to  U9%» 

2.  2-Htrobutane  can  be  nitrated  with  62%  nitric  acid  at  10O*C.  and 
1000  p.s.i.g.  to  give  2,2-diaitrobutane  in  10jC  yield. 

3*  When  nitric  acid  and  1-nitropropane  are  reacted  under  pressure  at 
100*0.,  there  is  considerable  gas  formed  and  no  isdlatable  product.  Small  amounts 
of  1-nitropropane  can  be  recovered. 

4.  2,2-Dinitropropane  and  2-nitropropane  are  the  major  products  when 
propane  and  nitric  acid  are  reacted  under  pressure. 

5.  A process  ie  given  for  pilot  plant  production  of  2,2-dinitropropane- 
diol  on  a 0.15  lb-  mol  scale. 

6.  The  material  and  labor  cost  for  DMPD  pilot  plant  production  ie 
tll.44  per  lb. 

ii.  high  HBsama  ihraticb  stodim 

A.  CTCUMtlABOMK 

In  attempts  to  introduce  the  nitro  group  into  a cyclic  compound,  or  to 
break  the  cyclic  chain  and  retain  nitro  groups,  cyclohexanone  was. used  as  the  ex- 
ample of  the  cyclic  ketones.  Vhes  cyclohexanone  and  30Jf  nitric  acid  were  reacted 
for  20  min.  at  1000  p.e.i.g.  in  the  high  pressure  system,  the  only  product 
isolated  was  adipic  acid,  m.p.  150-151*0.  Seven  temperatures  were  used,  ranging 
from  S0*C.  to  180*C.  At  the  higher  temperatures,  the  yields  were  lower  end  mere 
gas  was  formed. 
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A run  was  made  using  90%  nitric  acid  in  one  stage  of  the  pap  and  cyclo- 
hexanone dissolved  in  acetic  anhydride  in  the  other  stage  of  the  pump.  Directly 
following  the  nixing  point,  at  roan  temperature,  excessive  heating  took  place  and 
after  40  ain.  of  the  run  the  line  plugged  from  decomposition  residue.  No  product 
could  be  isolated. 


B.  2-NITROBUTAKg 

2-WLtrobutane  was  nitrated  in  the  pressure  systen  at  1000  p.s.i.g.  and 
180* C.  with  62£  nitric  acid.  When  the  nitric  acid  to  nitrobutane  uole  ratio  was 
3 to  1,  a 10%  yield  of  2, 2-dinitro butane  was  obtained.  Of  the  original  2-nit ro- 
butane,  36%  was  recovered. 


C.  1-MITRQPBOPAME 


In  an  atteupted  pressure  nitration  of  1-nitropropane  at  1000  p.s.i.g.  and 
180* C.  with  62jf  nitric  acid  there  was  excessive  gassing.  Of  the  4550  ul.  of  total 
material  fed  to  the  reactor,  only  2770  slL.  were  recovered  as  product.  Proa  this 
reaction  product,  the  only  compound  obtained  was  10£  of  the  original  1-nitropropane . 


D.  PROPANE 

The  investigation  of  the  preparation  of  DNP  (2, 2-dinit ropropane)  from 
propane  and  nitric  acid  was  undertaken  so  that  a comparison  could  be  made  of  the 
cost  of  producing  DNP  by  the  oxidative-nitration  reaction*  and  directly  fro* 
propane.  When  60%  nitric  acid  and  propane  were  reacted  at  180*C.,  1000  p.s.i.g. 
pressure,  in  a 1 to  1 mole  ratio,  local  heating  or  "hot  spots’'  became  uncontrollable. 
Vhen  k0%  nitric  acid  was  used  under  similar  conditions,  DNP  and  2-nitropropane  were 
the  only  products  isolated.  The  quantity  of  2-NP  produced  under  these  conditions 
is  about  2.5  moles  for  each  mole  of  DNP. 

This  work  is  not  completed  and  more  favorable  conditions  will  be  studied 
when  the  reaction  system  is  revised  for  better  heat  control. 


HI.  PILOT  PLANT  PROCESS  FOB  DNPD  ( 2 . 2-DINI'IRO-l  ■ 3-PROPAMEnTni^ 

A.  DISCUSSION 

Ve  have  examined  the  DNPD  preparation  from  nitroms thane  and  formaldehyde 
using  the  oxidative-nitration  reaction.  It  was  thought  desirable  to  find  an  ex- 
tractant other  than  ethyl  ether  and  a more  readily  available  re crystallising  solvent 
than  1-chloro-l-nitroethane.  The  use  of  these  two  solvents  does  give  a very  high 
grade  product,  but  the  use  of  ether  in  the  pilot  plant  is  hasardous  and  undesirable. 
The  use  of  isopropyl  acetate  as  the  extracting  solvent  and  ethylene  di chloride  as 
the  reoyrstallising  solvent  produces  a product  of  acceptable  quality.  Isopropyl 
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acetate  has  a favorable  distribution  coefficient,  at  doe*  ethyl  ac  stats,  Ini  waa 
preferred  aa  it  forns  a ninisna i boiling  aaaotropa  with  water,  that  alinlnatlng 
ohanioal  drying  of  tha  oxtraot.  Ona  gran  of  BRFD  oan  bo  r« crystallised  fraa  1*3 
to  2.0  al.  of  sthylsns  diohlorido  with  good  rscovsry. 


B.  TttwgrwpiTAL 


1.  Bilasr  litrato  BoooTorr 

Tha  silver  saka  filtorod  from  prarioua  runs,  equivalent  to  0*3  asl, 
is  placed  In  a atainlaaa  atool  or  eoranie  raaaal  which  can  bo  hoatod  and  agitated. 

Tha  27  lbs*  (0*43  aol)  af  nitric  acid,  calculated  to  weight  fraa  tha  carboy  analytic, 
la  added  in  portion*  in  a wall  ventilated  hood.  Khan  the  reaction  has  subsided,  tha 
solution  is  heated  to  tha  boiling  point  with  agitation,  and  this  is  continued  until 
all  tha  aetil  has  dissolved.  Tha  solution  is  nada  up  to  150  lbe.  total  weight  with 
chlorine-free  water  and  tha  pH  is  adjusted  to  5*9  with  sodiun  hydroxide.  A 100-g. 
sample  is  taken,  diluted  to  ona  liter  and  aliquots  titratad  with  standard  ■— nnlnn 
thioeyanata  solution  using  a fsrric  sulfat*  indicator.  The  anount  of  silver  nitrate 
prsssnt  in  tha  solution  is  calculated  and  if  not  51.0  lbs.  (0.30  aol),  it  ia  made 
up  to  that  weight  by  adding  silver  nitrate  crystals.  This  solution  is  than  ready 
for  tha  reaction  when  cools d to  15*C. 

2.  Salt  Preparation 


A vessel  with  efficient  cooling  is  rsquirsd  for  this  stop.  Vhsn  un- 
available, part  of  the  water  added  aaat  bo  replaced  by  crushed  ice.  Add  to  the 
vessel  9.2  lbs.  (0.15  aol)  of  nitroaothane,  9*0  lbs.  (0.30  aol)  of  formaldehyde  as 
24*3  lbs.  of  37%  solution,  and  47  lbs.  of  water.  Agitate  and  chill  the  solution  and 
slowly  add  6.6  lbs.  (0.16  aol)  of  tech*  sodium  hydroxide  dissolved  in  13  lbs.  of 
water,  keeping  the  temperature  below  30*C.  Cool  before  using  to  15*C. 

3*  ftddativs-Hitrstion  Reaction 

The  silver  nitrate  solution  is  placed  in  a vassal  equipped  with  cool- 
ing coils  or  Jacket  and  an  officiant  stirrer.  The  salt  solution  is  added  aa  rapidly 
as  possible,  holding  the  temperature  below  25*C.,  and  the  resulting  slurry  ia  stirred 
for  1/2  hr.  The  precipitated  silver  should  be  spongy  in  nature  and  green  in  color 
for  easy  filtering. 

Batiaal  Uakttai 

The  reaction  mixture  is  filtered  and  the  silver  oaks  washed  end  re- 
turned for  silver  nitrate  recovery.  The  filtrate  ia  sxtraeted  by  naans  of  a packed 
column  or  batehwlee  by  three  extractions  of  isopropyl  acetate,  each  volume  of  solvent 
being  equal,  to  one-half  the  volnas  of  the  extracted  solution.  The  raffinate  io  die- 
earded  if  no  silver  lone  ere  present.  If  silver  is  present,  it  may  be  recovered  by 
a*Mng  the  raffinate  basic  with  hydroxide  and  filtering.  The  filtrate  in  now  dia- 
oarded  and  the  precipitate  of  silver  oxide  is  added  to  the  silver  sake  far  recovery. 

Be  drying  of  the  isopropyl  acetate  extract  le  aeeeseary  as  the 
water-isopropyl  acetate  aseotrope  will  remove  the  dissolved  water  when  ocaoentratiM  • 
The  extraot  is  ooneentrated  to  the  minim  volume,  trying  to  remove  all  the  aoetate 
and  keeping  the  liquid  temperature  below  45*0.  The  residue  is  than  dissolved  in 
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25  lbs.  of  ethylene  dlehlorido  st  80-82* C. , filtered  and  treated  with  char  if  neces- 
sary and  cooled  to  5*C.  After  filtering  off  the  crystallized  DMPD,  there  should  be 
12  to  15  lbs.  of  dried  DNPD.  A second  crop  is  obtained  by  evaporating  and  cooling 
the  combined  mother  liquors. 


C.  MATERIAL  AMD  LABOR  COSTS 

r 

The  cost  of  starting  naterials  and  losses  are  tabulated  for  a 0.15  lb-mol 
reaction.  Labor  is  estimated  to  require  two  operators  for  24  hrs.  plus  one-third 
the  time  of  a supervisor,  or  $5.10  per  hour.  The  yield  is  based  on  50^,  or  12*5  lbs. 
of  DMPD. 


Hit  romethane  $2 . 30 

Formaldehyde  . 63 

Sodium  hydroxide  .25 

Sodium  nitrite  .63 

Silver  nitrate  (2%  loss)  6.66 

Mi trie  acid  1.49 

Isopropyl  acetate  (10£  loss)  5*30 

Ethylene  dichloride  (k0%  loss)  1.20 

Total  20.68 

Labor  122.50 

Total  cost  for  labor  and  material  $143*16 


Labor  and  material  cost  per  lb.  DMPD  $11.44 
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